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   Abstract  : A new specimen is specially designed for compression  test  ; an unsaturated 
polyester resin specimen having a semi-solid spherical core of the same chemical compo-
nent as that of the surrounding material. The central part of the core is soft like jelly, and 
the rigidity of the core continuously increases from the center to the outer surface of the 
core. Using the specimen, we carried out a uniaxial compression test to observe acoustic 
emission (AE) activity as well as axial and radial strains. Some noticeable tensile cracks 
are found to develop from the core at an axial stress of 80 MPa. There occurred two large 
events of AE, which are located in the core. From the P-wave first motions together with 
the hypocenter locations, the two AE events are considered to be generated by cracking of 
tensile type.
1. Introduction 
   Many experimental data have been collected by physicists and metallurgists to 
document various phenomena such as dislocation emission, void growth and microcrack 
formation, which occur in a small volume around a crack tip prior to the rapid extension 
of the crack (e.g. Provan, 1983). These detailed microstructural mechanisms, however, 
are totally left out in the  Griffith model (Griffith, 1921, 1924), because his approach to the 
criterion of further extension of a  pre-existing crack is based on the energy balance 
between two states of before and after the crack extension and this "before" and "after" 
approach does not allow to take into consideration any intermediate activated state 
which would provide a mechanism to transform the "before" into the "after". A number 
of researchers in the field of fracture mechanics agree with the importance of the 
microstructural effects on macrofracture behavior (e.g. Wnuk and Mura, 1983). 
   If the material in a crack tip region is highly heterogeneous, does the crack initiation 
process  change  ? For example, the material below an active volcano may vary from 
liquid magma to solid  rocks  ; high temperature rock adjoining the chamber having small 
elastic constants and a small yield strength. If so, is there any difference in the 
development of the break-down zone at the nucleation of a fault slip between volcanic 
events and other tectonic  ones  ? 
   We have looked for a material of which elastic constants and yield strength are easy
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to control artificially. The material may be used to experimentally clarify the effect of 
the heterogeneity in the crack tip region on the fracture propagation. We find unsatu-
rated polyester resin increases its rigidity as the content of styrene monomer is decreased 
by evaporation. We may use this property of the resin to produce a specimen having a 
soft core of which rigidity is continuously increased from the center to the outer surface 
of the core. We compressed the sample uniaxially and made clear some of its physical 
characters. 
2. Preparation of Specimen 
   The unsaturated polyester resin is a solution of unsaturated polyester in styren 
monomer, and changes into a colorless, transparent solid by exothermic polymerization 
reaction between unsaturated polyester and styrene monomer when peroxide catalyzer 
and hardening accelerator are added. The gelation of the resin takes about 2 days under 
room temperature  (23°C), and then it gradually hardens. The reaction rate increases 
with  temperature  ; the rate at  30°C being about twice as fast as that at  23°C. 
   When the amount of styrene monomer in the liquid resin is reduced, the liquid 
coagulates and becomes a semisolid body like jelly. The rigidity of the semisolid body 
is far below that of the resin hardened by the normal polymerization reaction. Since the 
styrene monomer slowly volatilizes at temperatures below the boiling point (about  145°C) 
of the monomer, we can control the content of the styrene monomer to produce a 
semisolid resin body by heating the liquid resin for about one hour at a temperature of 
about  135°C, a little lower than the boiling point of the styrene monomer. If this 
semisolid body is soaked in the unsaturated polyester resin, and if the catalyzer and 
hardening accelerator are added in the liquid, the body reacts and joins to the resin 
during the polymerization of the liquid resin. We will call this semisolid core an 
aseismic core, because the core is easy to deform without any brittle fracture. P wave 
velocity of the core was 2.3 km/s on an average whereas that of the resin hardened by 
the normal process was 2.6 km/s. 
   Some technique is necessary for us to set an inclusion properly at the center of an 
artificial specimen (e.g. Takeuchi et  al., 1970). We made our sample through the 
following process. 1) The aseismic core was put into the liquid unsaturated polyester 
resin to prevent from being deformed and kept under  —10°C in a refrigerator until 
process (4) described below. Since the densities of the liquid and the aseismic core are 
almost the same (1.3  g/cm'), the core should not significantly be deformed by gravity. 
Further, the reaction between the core surface and the liquid is considered negligible at 
the temperature. 2) A pipe of 100 mm in height and 50 mm in caliber was prepared as 
a mold for the specimen. The catalyst and the accelerator were added to 200 cc of 
unsaturated polyester resin liquid. The half of the resin was poured in the mold, and 
kept at  30°C in a constant temperature box until the color of the resin turned from light 
yellow to colorless. The remaining half of the resin was kept under room temperature. 
3) When the resin in the mold changed into colorless gel, the mold was brought out from 
the box and cooled under room temperature. 4) When the resin in the mold got cold, the
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aseismic core was taken out from the refrigerator and put on the resin. The other half 
of the resin was still fluid, because the setting time of the resin at room temperature was 
twice as long as that at  30°C. The fluid resin was poured in the mold. After several 
days, the resin specimen was taken out from the mold, and heated at  80°C for 3 hours in 
a constant temperature box to finish the polymerization reaction within the resin. 5) 
Since the resin shrunk by a few percents during the hardening process, the specimen was 
properly reformed and polished for the experiment. We used Rigolac  #2004MV-2 
(Showa highpolymer Co.), Parmeric N (Nihon oil and fat Co.), and Accelerator E  (Showa 
highpolymer Co.) as polyester resin, peroxide catalyzer, and hardening accelerator, 
respectively.
3. Experiment and  Results 
   We prepared an inclusionless sample of the resin hardened by the polymerization 
reaction, and compressed it uniaxially under room temperature at a constant axial strain 
rate of 8  x  10-6/s. The axial strain, the stress, and the activity of acoustic emissions 
(AE) were observed during the compression. The axial strain was estimated from the 
displacement of the piston, because the strain exceeded the limit of measurement with a 
strain gauge. AE was detected by a piezoelectric transducer stuck on an endpiece on the 
top of the sample. The sample yielded at 140 MPa, and then the axial stress gradually 
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 Fig.  1 Axial stress versus axial strain rela-
   tion for an inclusionless resin specimen. 
   The specimen was compressed uniaxially 
   at a constant strain rate of  8  X  10-6/s 
   until the strain reached 10%.
 Fig.  2 Specimen with piezoelectric trans-
   ducers and strain gauges.
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 Fig.  3 AE recording system. The recording of the waveform data begins when the 
   signal from one of the three trigger sensors exceeds the preset trigger level.
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Fig. 4 Axial, radial, and volumetric strains 
   with respect to axial stress observed for 
   the resin specimen with an aseismic core. 
   The axial and circumferential strains 
   were monitored by three pairs of strain 
   gauges on the side of the specimen. 
   When serious cracking of tensile type 
   took place, the strain gauges failed to 
    work.
 t,
 Fig.  5 Side view of the  specime with 
   cracks developed from the aseismic core.
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and increased up to 10% without fracturing. The specimen was significantly deformed 
to be finally like a barrel. However, neither AE nor microcracks were observed during 
the loading. 
   We prepared a resin specimen, 95 mm in height and 46 mm in diameter, with an 
aseismic core of 10 mm in diameter. The core was, however, deformed to an ellipsoid 
by the load of the matrix during the hardening of the liquid resin in process (4) described 
in the preceding section. AE was monitored by 20 piezoelectric transducers (PZT) with 
a resonance frequency of 2 MHz during the uniaxial compression of the specimen . 
Eighteen PZT sensors were put on the side of the specimen, and the other two sensors 
were set on the end-pieces on both the ends of the specimen (Fig . 2). The detected AE 
wave signals were amplified by 40 dB and then fed into transient recorders, as illustrated 
in Fig. 3. The sampling rate, data width, and data length for a channel of the transient 
recorder are 20 MHz, 10 bit, and 1 K words, respectively. These data were transmitted 
to a minicomputer and recorded on a hard disk with a capacity of more than 8,000 events. 
It took about 1.5 sec to transfer waveforms from the transient recorders to the hard disk, 
and the events occurring in the transfer time were not recorded. The AE hypocenters 
were automatically located from the data of P arrival times, following the method 
described by Satoh et al. (1987). The axial and circumferential strains were monitored 
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Fig. 6 Distributions of initial motion directions for the events located in the aseismic 
   core. The hypocenters and the aseismic core, shown by solid stars and shaded 
   ellipses, are projected on the planes parallel to the sample axis. The motion direction 
   data are plotted on the lower half of focal sphere by the equal area projection. Solid 
   and open circles show compression and dilatation, respectively. The  x-y plane in the 
   equal area projection is perpendicular to the sample axis, that is, the z-axis in the 
   hypocenter maps, where the x-axes in the equal area projection are taken to coincide 
   with that in the hypocenter map.
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   A serious crack of tensile type was initiated from the surface of the aseismic core 
at 80 MPa in axial stress. Figure 4 shows the stress versus strain relations before the 
cracking. The strain gauges failed to work after that, but the sample was kept for 
about 10 minutes under the uniaxial compression. As seen in Fig. 5, a few cracks were 
developed from the upper and bottom ends of the aseismic core in this 10 minute period. 
Three hundred AE events were observed for the loading period, but almost all of them 
were small in amplitude and located on the surface near the transducers. Considering 
their hypocenter locations, they are regarded as microcrackings in the epoxy resin, which 
were used for attaching PZT on the specimen. Only two events were located near the 
center of the specimen. Both of them occurred after the axial stress reached the peak 
value of 80 MPa, and the time interval between them was 5 minutes. As shown in Fig. 
6, the initial motions for these two events are compressions at almost all the transducers. 
Their hypocenters and the motion directions suggest that these events were the tensile 
cracks initiated from the semisolid core. 
   As seen in Fig. 7, the waveforms of these  two' events were unfortunately saturated 
and clipped, and could not be used for the detailed analysis of the source processes. A 
conspicuous phase is, however, recognized for event B at about 6 micro-seconds after the 
onset of the first arrival in the observed record of a transducer (Fig. 8). This phase has 
a large amplitude with low frequency components. A phase corresponding to this phase
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Fig. 7 Waveforms of event A in Fig. 6. The upward direction in these traces corre-
   sponds to compression in the motion direction, except for two traces marked by solid 
   stars in which the upward direction corresponds to dilatation.
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 Fig.  8 Waveforms and geometrical relations among events A, B and the transducer 
   indicated by a large solid triangle. Small solid triangles indicate the onsets of P and 
   S phases and an open one indicates a conspicuous but unknown X phase.
is not found in the event A record of the same transducer 
occurred near the event B. Consequently, this conspicuous 
the complexity in the source process of event B.
(Fig. 8), though the event 
phase may be reflection
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